Objectives: (1) to compare dietary intake in summer and winter time; (2) to measure the change in body mass index (BMI), blood pressure and serum cholesterol between winter and summer; and (3) to determine the relationships between seasonal differences in dietary intake and BMI, blood pressure and serum cholesterol measurements. Subjects and methods: Ninety-four male industrial employees were screened twice in one year, in their work place, at winter and summer time. Workers were recruited from two factories and response rate was 95%. Healthrelated variables, including dietary intake, blood pressure and serum cholesterol were evaluated at each season and were compared. Correlation coef®cients between seasonal differences in dietary intake and in BMI, blood pressure and serum cholesterol were calculated. Results: From summer to winter the mean values of BMI increase from 26.1 kgacm 2 to 26.6 (P 0.038), systolic blood pressure from 119.6 to 121.6 (P 0.025), diastolic blood pressure from 75.2 to 77.2 mmHg (P 0.001), total cholesterol from 200.8 to 208.6 mgadL (P 0.001), LDL cholesterol from 125.2 to 134.9 (P 0.001) and HDL cholesterol from 42.7 to 44.3 (P 0.0084). Triglycerides levels decrease from 174 to 145 in the winter (P 0.03). Mean dietary intake of fat increases from 99.1 to 106.0 (P 0.0016), saturated fat from 43.6 to 46.3 (P 0.0137), polyunsaturated fat from 25.1 to 28.3 (P 0.0002), cholesterol from 462.0 to 497.9 (P 0.0313), sodium from 5778.5 to 8208.2 (P 0.0035), zinc from 11.6 to 12.3 (P 0.0001), vitamin B 1 from 1.4 to 1.5 (P 0.002), vitamin D from 4.3 to 4.9 (P 0.0323) and vitamin E from 11.2 to 12.7 (P 0.0073). Signi®cant correlation was shown between the seasonal increase in saturated fat and the increase in BMI (r 0.37), total cholesterol (r 0.21) and LDL cholesterol (r 0.29). Seasonal change in dietary cholesterol intake was signi®cantly and positively correlated with serum total cholesterol (r 0.24) and LDL cholesterol (r 0.24). Blood pressure was not associated with nutritional intake variables. Conclusions: Dietary intake in summer and winter is different as well as blood pressure, BMI and serum cholesterol. The seasonal increase in fat and cholesterol intake at winter time is associated with changes in BMI and serum cholesterol.
Seasonal changes in weight, blood pressure and total cholesterol have been reported in several studies (Rico et al, 1994; Kristal-Boneh et al, 1995; Kristal-Boneh et al, 1994) , all showing an increase in the above parameters at winter time. In addition, an increase in total mortality and morbidity from ischemic heart disease and stroke in the winter was documented in many studies, conducted in different countries Bull & Morton, 1975; Bull & Morton, 1978; Grut, 1987; McKee, 1989; Douglas, 1991) . Overweight, high blood pressure and increased serum total cholesterol have all been linked to increased risk for stroke and for Coronary Heart Disease (CHD) in both nutritional (Charnock et al, 1992; Donnan et al, 1993a; Beilin & Burke, 1995) and epidemiological studies (Stamler, 1992) . Theoretically, the seasonal rise in weight, blood pressure and serum cholesterol may contribute to the excess morbidity observed in winter.
The seasonal changes in CHD risk factors are believed to be at least partly due to intrinsic biological rhythms (Haus et al, 1988; Laplaud et al, 1980) . With regard to blood pressure, part of the observed rise seems to stem from a fall in temperature (Keatings & McCance, 1957) and its impact on peripheral resistance (Raven et al, 1970; Raven et al, 1975) . Another potentially important`seasonal' risk factor is ®brinogen, which tends to rise in the winter (Van der Bom et al, 1997).
Several epidemiological studies have established the concept of the relationships between dietary intake and the above mentioned risk factors (Sharlin et al, 1992; Tell et al, 1994; Bolton-Smith, 1991; Campos et al, 1991; Spataro et al, 1996; Dyer et al, 1992; Keys & Parlin, 1996; Hegsted, 1986; Kushi et al, 1988; Simpson et al, 1985; Wassertheil-Smoller, 1985; Kristal-Boneh et al, 1996; McCarron & Reusser, 1996; Straznicky et al, 1993; Donnan et al, 1993) . Total dietary fat and, to a greater extent, saturated fat and cholesterol were found to be related to serum total and LDL cholesterol (Sharlin et al, 1992; Tell et al, 1994; Bolton-Smith, 1991; Campos et al, 1991; Spataro et al, 1996; Dyer & Shekelle, 1992) . A signi®cant and consistent relationship was shown between elevated plasma total and LDL cholesterol and the incidence of CHD (Spataro et al, 1996; Dyer et al, 1992) . Epidemiological and experimental studies in animals and in humans have shown that consumption of speci®c fatty acids can affect both blood cholesterol levels and the atherosclerotic disease process (Keys & Parlin, 1966; Hegsted, 1986; Kushi et al, 1988; Simpson et al, 1982) . Weight gain, even to a modest degree, was found to raise blood pressure (Wassertheil-Smoller, 1985; Kristal-Boneh et al, 1996) , while vegetarian and low fat diets were shown to decrease it (McCarron & Reusser, 1996; Straznicky et al, 1993; Donnan et al, 1993) . Since diet is a modi®able risk factor it is of importance to assess the contribution of dietary intake to the physiological and biochemical changes shown previously.
The aims of this study were: (1) to compare dietary intake in summer and winter time; (2) to measure the difference in cardiovascular disease risk factors between winter and summer; and (3) to determine to what extent the seasonal differences in cardiovascular disease risk factors can be explained by changes in dietary intake. These were looked at in a population of Israeli industrial workers of low SES class that at the time were not participating in any weight loss program.
Methods

Population
The study population consisted of 94 male industrial employees, mean age 42.5 AE 11.9 y, working in two factories. At the beginning of the study all subjects were informed of the risks and discomfort involved in participation. It was explained that they were being asked to volunteer for research purposes only and that their sole compensation would be the receipt of the results of the medical tests carried out during the study. The study was approved by the local Research on Human Subjects Committee. All participants signed an informed consent form, and they were able to withdraw from the study at any time they wished.
Screening procedure
All men working in the plant were screened at the work site, free of charge, to evaluate their health status and dietary intake. Each worker underwent screening twice a year Ð at winter (January), and summer (July) time. Measurements included the following:
Sitting blood pressure Ð was taken after ®ve minutes of rest, for a total of three measurements. Measurements were done using mercury manometer accurate to 2 mmHg.
Height and weight Ð were measured, without shoes and with subject wearing only light industrial clothing using Seca electronic scale. Body mass index (BMI) was calculated based on the formula weight (kg)aheight 2 (cm 2 ).
Blood samples Ð were taken at the beginning of a regular workday (07:00 ± 09:00). Venous blood samples were drawn in vacuum tubes, after fasting for 8 ± 10 h. Cholesterol was determined by the enzymatic color method using CEH Mas Cholesterol reagent Lancer 27 (Allain, 1974) . The HDL cholesterol level was determined, using enzymatic colorimetry after sedimentation of the LDL and VLDL cholesterol in magnesium dextran sulfate. Triglycerides levels were determined in Kodatrol I and II solutions (Warnick, 1983) .
Questionnaires Ð were used to gather demographic data and nutritional habits (will be described in details).
Physical activity assessment
Activity was assessed by the workers' self report of their involvement in leisure time physical activity lasting more than an hour per week.
Dietary assessment method
Dietary intake was assessed using a Semiquanti®ed Food Frequency questionnaire covering seasonal consumption of practically all food items eaten in Israel by all ethnic groups (Modan et al, 1986) . The questionnaires differ in the type of fruits and mixed dishes typical to each season. The method is simple and appropriate to the time limits of the examinations at the work place. Interviews were conducted in a standardized method by specially trained interviewers.
Half of the study population had the ®rst interview in the summer and half in the winter. The questionnaire included 96 items. They were selected on the basis of a prior, more extensive, questionnaire covering 260 food items (Modan et al, 1986; Fuchs et al, 1993) . The extensive questionnaire identi®ed the 96 items as those most frequently eaten by the study population. For each food group Ð cheeses, meats, cereals, etc. Ð extra space is available for adding unlisted foods.
The method applied in this work was developed over 20 years ago and had been used successfully previously in several nutritional studies conducted in Israel (Viskoper, 1990; Modan et al, 1986; Fuchs et al, 1993) . The original questionnaire was validated in 1974 against a quanti®ed dietary history survey (Modan et al, 1974; Modan et al, 1975) .
For each food item the following information was recorded: (a) frequency of consumption expressed as times per week (1 ± 7), 1 ± 3 times per month or never, and (b) number of daily portions (slices, units, or standard servings) eaten. A computerized program for analyzing data was developed speci®cally for this questionnaire. The total average daily intake was calculated by multiplying the number of portions of a food item eaten per week by the quantity of each component per standard portion of the particular food item. First, daily and monthly amounts were converted into mean weekly amounts and then the cumulative mean daily amounts of each component contributed by all food items consumed was ®nally obtained.
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Statistical analyses
The statistical analyses were done using SAS statistical package (SAS Institute, Inc., 1990) . Average daily intake of selected nutrients was calculated and adjusted for energy intake in order to compare diet composition in each season. Adjustment was computed from a regression model with total caloric intake as the independent variable and absolute nutrient intake as the dependent variable . Two sided paired t-test with signi®cance level of 0.01 was conducted to test the hypothesis that dietary intake of most nutrients is different in both seasons. The contribution of certain foods to the total fat, cholesterol and caloric intake were assessed as well as comparing the above foods' intake between the seasons using one sided paired t-test. The hypotheses tested were that dietary intake of meats and dairy products is increased at winter time.
Seasonal differences were calculated using paired t-test of the nutrients intake and Spearman correlation coef®-cients were used to assess the correlation between the seasonal changes in dietary intake variables and the seasonal differences in serum levels of cholesterol, blood pressure and BMI.
Results
In the study 94 men were enrolled. Average age was 43 y. No seasonal differences in other non-nutritional behavioral characteristics such as smoking and alcohol intake were detected. Signi®cant seasonal differences were shown for time of participation in physical activity only. More workers were active for more than an hour per week in the summer (P 0.04). Table 1 describes changes in anthropometric measurements and selected blood tests, including BMI (body mass index), seated blood pressure, total cholesterol and LDL and HDL cholesterol. Signi®cant differences were found in blood pressure (P 0.025 for systolic blood pressure and P 0.001 for diastolic blood pressure), total serum cholesterol (P 0.001), LDL (P 0.001) and HDL cholesterol (P 0.0084) and BMI (P 0.038) all were increased in the winter. Changes ranged from 1.7% for systolic blood pressure to 8% for LDL cholesterol which increases from a mean of 125.2 mgadl in the summer to 134.9 mgadl in the winter. Mean triglycerides level was decreased from 174 to 145 (P 0.03) in the winter. Table 2 describes the difference in dietary intake between the seasons and the percent change. Dietary intake of speci®c nutrients was adjusted to daily caloric intake in order to separate the effect of each nutrient. The consumption of most nutrients increased in the winter, fat intake increased by 7% and cholesterol by 7.7% while calories increased by only 2.6% in the winter. This suggests that the main difference in dietary intake is due to change in the composition of the diet more than changes in caloric intake. Signi®cant increase in mean daily intake was shown in total fat (P 0.0016), saturated fat (P 0.0016), polyunsaturated fat (P 0.0002) and cholesterol intake (P 0.03). A similar trend was seen in dietary sodium (P 0.0035) and zinc (P 0.0001). Magnesium intake was Seasonal changes in cardiovascular disease risk factors DR Shahar et al signi®cantly lower in winter time (P 0.0001). As for vitamins, vitamin B 1 (P 0.002) and vitamin E (P 0.0073) intakes were signi®cantly higher in winter time. Based on the seasonal differences in saturated and polyunsaturated fat and cholesterol, the Keys equation was calculated (Keys & Parlin, 1966) . The Keys equation proposes that plasma cholesterol increases in proportion to the square root of dietary cholesterol intake (in mga100 kcaladay). The Keys equation predicted that the expected change in total cholesterol levels will be 3.52 mgadl. The real change was in fact 7.8 mgadl. Table 3 describes seasonal changes in the main contributors to total fat intake. Meat contributed 28% and dairy products 37.3% of the total fat intake, accounting jointly for most (65%) of the total fat intake. Meat and dairy products were the main contributors to saturated fat intake as well. A signi®cantly increased intake in the winter was shown only for the meat group (41%) although a trend in the same direction was shown for the dairy group as well (26%). The trend was mainly due to the signi®cant increase in intake of 3% milk in the winter.
In order to evaluate the associations between the seasonal changes in dietary intake variables to winter anthropometric and blood measurements, Spearman correlation coef®cients were calculated. Results are presented in Table 4 . The seasonal changes in BMI were signi®cantly correlated with the changes in total and saturated fat intake (r 0.35 and r 0.37, respectively). The seasonal changes in saturated fat and dietary cholesterol were signi®cantly correlated with serum and LDL cholesterol (r 0.21 and r 0.29 for saturated fat and r 0.24 and r 0.24 for cholesterol).
Discussion
The main purpose of this study was to examine to what extent dietary intake can account for the seasonal changes in physiologic parameters observed in previous studies (Rico et al, 1994; Kristal-Boneh et al, 1995; KristalBoneh et al, 1994) . Prior studies by our group have shown a signi®cant rise in blood pressure, both systolic and diastolic as well as serum cholesterol and BMI from summer to winter (Kristal-Boneh et al, 1995; Kristal-Boneh et al, 1994) .
We found fat and sodium intake to be signi®cantly higher at winter time as well as meat intake, in particular beef, which is richer in saturated fat. The seasonal increase in sodium intake was over 40% as was the increase in meat intake in the winter. Theoretically, both food components can raise blood pressure. Several nutritional factors had been shown to affect blood pressure and serum cholesterol. Those include sodium intake which is known to be related to blood pressure (Ascherio et al, 1996) , and total fat intake which was shown to be related to both (Donnan et al, 1993; Beilin & Burke, 1995) . Consumption of meat and meat products were found to be directly associated with increased systolic blood pressure and serum cholesterol (Ascherio et al, 1996; Beilin & Burke, 1995) compared with vegetarian diets.
Despite the seasonal increase in sodium intake it was not related in any way to the changes in blood pressure. While this could suggest that the changes in blood pressure are due to intrinsic factors rather than diet, another explanation can stem from the linkage of meat to sodium intake in the Israeli diet. Most meats being eaten in Israel are kosher meats to which a considerable amount of salt is added in the process. The sodium content is estimated rather than measured for each meat that is actually eaten by the participants. Errors in sodium intake evaluation may, thus, account for the apparent lack of correlation. Another potential explanation is that the population studied is not sensitive to sodium and therefore blood pressure is not related to the amount of sodium eaten. This option needs to be further investigated.
As was shown in several epidemiological studies, elevated total and LDL cholesterol levels increase the longterm risk of developing CHD (Spataro et al, 1996; Dyer et al, 1992) . In our group, the largest seasonal change in biochemical measurements was in serum LDL which changed from 125.2 to 134.9 mgadl. According to the American National Cholesterol Education Program One-sided paired t-test was applied.
Seasonal changes in cardiovascular disease risk factors DR Shahar et al (NCEP) guidelines (Expert panel on detection, evaluation and treatment of high cholesterol in adults, 1993) serum LDL of b 130 mgadl is considered a risk factor for CHD when another two risk factors exist. Our population were all men (a risk factor) with at least 36% current smokers. The additional risk factor for CHD was evaluated in relation to dietary fat, especially saturated fat and cholesterol. Our group's intake of fat and cholesterol exceeded the recommendations in both seasons by 7 and 54% respectively. This intake was further increased in the winter; total fat intake was 7% higher, saturated fat 6% and cholesterol 8% higher in the winter compared to summer; all were statistically signi®cant. Despite a signi®cant increase in total fat and cholesterol intake in the winter, energy intake did not change. It thus seems that diet composition, but not overall quantity, was different in both seasons. Another factor that can play a role in explaining the increase in serum cholesterol may be a decrease in carbohydrates intake associated with a decreased intake of dietary ®ber. Such a trend was shown in our data but it did not reach statistical signi®cance. Further investigations using larger samples should be conducted in order to support or contradict this trend.
In our group the seasonal increases in saturated fat and cholesterol intake were shown to be signi®cantly correlated with serum LDL (r 0.29 and r 0.24, respectively). The relationship between fat intake and LDL cholesterol has been controversial in the past. While ecological studies (Keys, 1980) showed a linear relationship between saturated fat intake and 10-year mortality from CHD, these results were not de®ned clearly in analytical studies (Jacobs et al, 1979) . Moreover, a lack of association between saturated fat and cholesterol dietary intake and serum levels was shown in several cross-sectional studies in the Untied States (Jacobs et al, 1979) . Conversely, a strong correlation was shown between the change in diet and change in serum cholesterol. Our study con®rms these ®ndings by showing signi®cant associations between the seasonal change in dietary intake of total fat and saturated fat and changes in serum cholesterol measurements. Calculation of the Keys equation (Keys, 1980) predicted an increase of 3.5 mgadl and not the actual change, which was around 8 mgadl. One of the explanations is that the equation works well over the usual range of cholesterol intake while our group consumption of cholesterol and saturated fat was relatively high compared to other populations in Israel.
Sixty-®ve percent of the change in fat and cholesterol intake was explained by the dramatic increase in meats (41%), dairy products (26%) and eggs (22%). Among these food groups, only the change in meat was statistically signi®cant. The change in the intake of these foods may direct the intervention programs towards these speci®c products.
A moderate but statistically signi®cant increase in BMI was shown in the winter. The change was related to the increase in dietary fat and saturated fat but not to the change in caloric intake which was not statistically signi®cant, suggesting that increase in fat may independently affect BMI. The increase in BMI may also affect blood pressure which is known to be sensitive to changes in weight (Wassertheil-Smoller, 1985) . A study that was done by our institute (Kristal-Boneh et al, 1996) found strong linear relationships between BMI and blood pressure; therefore the increase in fat intake in the winter may indirectly affect blood pressure. Further investigations should be done in this direction.
The study presented was done longitudinally using a crossover design. For half of the workers the examinations were done ®rst in the winter and second in the summer and for half they were done in an opposite manner to prevent potential bias due to the tests order. Several limitations in design and conduction of this study need to be addressed. The serum cholesterol measurements were done only once in each season although the large day-to-day variability in serum cholesterol is well established . Nonetheless, singlevalue cholesterol measurements are widely used in medical research and in general are considered reliable. To counteract the diurnal variations in cholesterol the samples were drawn at similar times on both occasions. In addition, the use of a semiquanti®ed food frequency questionnaire for a relatively small sample size can potentially add to the inaccuracies. Constant food list and portion sizes were presented to the workers without models to actually demonstrate the amount of food in the portion. To overcome these drawbacks the questionnaire was conducted by trained interviewers to improve its accuracy and the list of foods and portion sizes was developed based on more detailed evaluation of the Israeli population (Modan et al, 1986; Fuchs et al, 1993) .
Cardiovascular disease accounts for signi®cant morbidity and mortality among workers and retired workers. As such, its prevention should be part of industrial hygiene. Measures to reduce smoking and passive smoking are being widely implemented in the US and throughout the world. These measures have contributed to the reduction of tobacco consumption and its associated morbidity and mortality. Dietary intake, obesity and their associated consequences remain crucial in their contribution to cardiovascular disease. Like smoking, diet is a modi®able risk factor. The dietary intake of our population was above the recommended dietary allowances (RDA) for fat and cholesterol in particular. As many workers consume a considerable part of their diet in the work place; targeted modi®cation of the diet offered to them may achieve similar successes as did smoking-targeted intervention. Changes in the diet composition in the workplace may be effective even in the absence of active participation by the workers, as workers are a`captive audience' and will eat the diet offered to them. Perhaps dietary modi®cation in the workplace is the future wave of further CHD prevention.
